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(54) Polos hing apparatus and method . 

(57) A polishing tool uses a seal cavity (1 40) con- 
taining a fluid that supports polishing pads (1 30) against 
an object (120) being polished. In one embodiment, the 
boundaries of the cavity (140) include a support struc- 
ture (142), a portion of a polishing material (130) and a 
seal (144) between the support structure (142) and the 
polishing material (130). The polishing material (130) 
moves relative to the support structure (142) and seal 
(144). a variety of seal configuration can maintain the 
fluid within the cavity. One seal includes an o-ring (320) 
that the force of a spring (330) a magnet (310), or air 
pressure (340) presses against the polishing material 
(1 30). A gas flow from outside the cavity or from an inlet 
(440) inside the cavity can form a gas pocket in the cav- 
ity (140), adjacent the o-ring (320) to prevent leakage 
of the fluid pressure in the cavity (140) can be varied 
temporally to create vibrations in the polishing material 
to enhance polishing performance or can be varied spa- 
tially to change the pressure profile. One embodiment 
of the invention includes one or more fluid inlet/outlets 
(246,248) to the cavity (240), one or more pressure reg- 
ulators (250,252) to control the pressure in the cavity. In 
polishers with or without a sealed fluid cavity, the sup- 
port structure (650) can include actuators (620,625) that 
control the orientation of the support structure r lative 
to polishing mat rial. Sensors (6 10, 6 15) and a feedback 
control system (640) positions the support structure 
(650) for polishing. 
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Description 

[0001] The present invention relates to polishing sys- 
tems and in particular, but not exclusively, to chemical 
mechanical polishing systems and method using fluids 
to support a polishing pad. 

[0002] Chemical mechanical polishing (CMP) in sem- 
iconductor processing removes the highest points from 
the surface of a wafer to polish the surface. CMP oper- 
ations are performed on unprocessed and partially proc- 
essed waf ers. A typical unprocessed wafer is crystalline 
silicon or another semiconductor material that is formed 
into a nearly circular wafer A typical processed or par- 
tially processed wafer when ready for polishing has a 
top layer of a dielectric material such as glass, silicon 
dioxide, or silicon nitride over one or more patterned lay- 
ers that create local topological features on the order of 
about 1 urn in height on the wafer's surface. Polishing 
smoothes the local features so that ideally the surface 
of the wafer is flat or planarized over an area the size of 
a die formed on the wafer. ^ 
[0003]- -Currently, - polishing- is sought that locally 
planarizes the wafer to a tolerance of about 0.3 urn over 

_the area of a die about 10 mm by .10 mm in size. 

" [0004] A conventional belt polisher includes a belt car- 
rying polishing pads, .a wafer ca/rier head which ho|ds 
a wafer, and a support assembly that supports the por- 
tion of the belt under the wafer. For CMP, the polishing 
pads are sprayed with a slurry, and pulleys drive the belt. 
The carrier head brings the wafer into contact with the 
polishing pads so that the polishing pads slide against 
the surface of the wafer. Chemical action of the slurry 
and the mechanical action of the polishing pads and par- 
ticles in the slurry against the surface of the wafer re- 
move material from the wafer's surface. US patents Ser. 
No. 5,593,344 and 5,558,568 describe CMP systems 
using hydrostatic fluid bearings to support a belt. Such 
hydrostatic fluid bearings have fluid inlets and outlets 
for fluid flows forming films that support the belt and pol- 
ishing pads. 

[0005] To polish a surface to the tolerance required in 
semiconductor processing, CMP systems generally at- 
tempt to apply a polishing pad to a wafer with a pressure 
that is uniform across the wafer. A difficulty can arise 
with hydrostatic fluid bearings because the supporting 
pressure of the fluid in such bearings tends to be higher 
near the inlets and lower near the outlets. Accordingly, 
such fluid bearings often apply a non-uniform pressure 
when supporting a belt and polishing pads, and the non- 
uniform pressure may introduce uneven removal of ma- 
terial during polishing. Methods and structures that pro- 
vide uniform polishing are sought. 

SUMMARY 

[0006] In accordance with the inv ntion, a polishing 
tool us s a seal d fluid chamber with a regulated pres- 
sure to support a compliant polishing material. The fluid 



chamber can be static or nearly static and maintained 
at a constant pressure without fluid flow. Thus, higher 
and lower pressur areas around fluid inlets and outlets 
are avoided. However, the pressure field of the chamber 
5 can be varied temporally or spatially if desired. For tem- 
poral variation, a control circuit operates a pressure reg- 
ulator to vary pressure in the cavity. Temporal variations 
in the pressure can introduce vibrations in the polishing 
material which improve polishing performance. For spa- 
io tial variations, fluid inlets and outlets are distributed ac- 
cording to where higher or lower pressures are desired. 
Each fluid inlet/outlet can be connected to an independ- 
ent pressure regulator and/or fluid supply so that the 
supporting fluid pressure in the immediate vicinity of the 
*5 inlet/outlet depends on the pressure to the inlet/outlet. 
Baffles or barriers can be placed among the inlet/outlets 
to increase the differential pressures. 
[0007] In one embodiment of the invention, fluid in the 
chamber is in direct contact with a moving belt that car- 
20 ries the polishing pads, and a seal between the fixed 
portion of the cavity and the belt prevents or reduces 
leakage from the cavity. One i type c3 ^ seal irVcludes an O r " 
ring that the force of a spring, a magnet, or air pressure 
presses against the belt. A gas flow from outsid the - 
2S cavity or from an inlet inside the cavity forms a gas pock- 
et in the cavity, adjacent the 6-ring, to prevent the fluid 
from reaching and leaking past the <>ringrAnother seal 
- ~ is formed by an air or gas bearing. The fluid pressur in 
the cavity can be varied temporally to create vibrations 
30 in the polishing material and enhance polishing perform- 
ance or can be varied spatially to change the pressure 
profile. One embodiment of the invention includes one 
or more fluid inlet/outlets to the cavity, one or more pres- 
sure regulators, and a controller that operates the pres- 
3S sure regulators to control the pressure in the cavity. 
[0008] In accordance with another aspect of th in- 
vention, a support structure for a polishing material in a 
polisher is mounted on actuators that control the orien- 
tation of the support stricture. During polishing, an object 
40 such as a wafer being polished can tilt which causes a 
similar tilt in the polishing material. To reduce uneven- 
ness of polishing, the support structure changes orien- 
tation to match the tilt in the polishing material. Sensors 
and a control system can monitor the orientation of the 
*s polishing material and direct the actuators to position 
the support structure accordingly. This aspect of the in- 
vention can be employed with a support using a sealed 
fluid pocket for support of the polishing material or using 
other devices such as a hydrostatic bearing to support 
so the polishing material. In one particular embodiment, an 
aerostatic bearing seals a fluid pocket, and a control 
system operates actuators to orient the support struc- 
ture so that the aerostatic bearing functions properly. In 
this embodiment, the sensors can include pressure sen- 
ss sors that sense a drop in local pressure in the sealed 
fluid pocket caused by leakage past the aerostatic b ar- 
ing. Distance sensors measuring th distance between 
the support structure and the polishing material can also 
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be us d. 

[0009] Th invention is described further hereinafter, 
by way of example only, with referenc to the accompa- 
nying drawings in which: 

[0010] Fig. 1 shows a portion of a polishing tool that, 
in accordance with an embodiment of the invention, in- 
cludes a sealed fluid chamber that supports a polishing 
pad. 

[0011] Fig. 2 shows a portion of a polishing tool that, 
in accordance with an embodiment of the invention, in- 
cludes a sealed fluid chamber having a spatially modu- 
lated pressure. 

[0012] Figs. 3, 4 and 5 show embodiments of seals 

suitable for the fluid chamber of Figs. 1 and 2. 

[0013] Figs. 6 and 7 show embodiments of support 

structures which adjust orientation to accommodate the 

orientation of a polishing material. 

[001 4] Use of the same reference symbols in different 

— figures indicates similar or identical items. 

[0015] In accordance with an embodiment of the in- 

r ventibri; a fluid "chamber with a regulated pressure sup- 
~ ports a compliant polishing material in a polishing tool. 
y _fhe pressure field of the fluid chamber can be constant 
• ^ -or^varied temporally or spatially. Fig. 1 shows a polisher 
in accordance with the invention in which a carrier head 

~ - 110 holds a wafer 120 in position against a compliant 

polishing material 130 US. Patent Application 

08/965,033 and a corresponding European-Patent Ap- 
plication claiming priority therefrom and filed the same 
day as the present application, describes suitable carri- 
er heads and is hereby incorporated by reference herein 
in it entirety. Compliant polishing material 1 30 may in : 
elude for example, an endless bell made of stainless 
steel of thickness 0.005° to 0.60° on which polishing 
pads made of IC 1 000, Suba I V, IC1 400 or other compa- 
rable polishing materials are mounted; IC1000, Suba IV, 
and IC1400 are available from Rodel, Inc. The width of 
the belt depends on the size of wafer 1 20. A fluid that is 
substantially static is contained in a cavity 1 40 bounded 
by a fixed structure 142, a seal 144, and a portion 1 34 
of compliant polishing material 1 30. The pressure of the 
fluid (typically in the range between 0 and 60 psi) sup- 
ports a portion of compliant polishing material 1 30 that 
is directly under and in contact with wafer 1 20. Portion 
1 34 is larger than the area directly under water 1 20. The 
fluid in cavity 140 is preferably a liquid such as water 
and is introduced to cavity 140 via an inlet/outlet 146. 
Inlet/outlet 1 46 is connected through a pressure regula- 
tor 150 to a pressure supply 170. 

[001 6] A controller 1 60 connected to regulator 1 50 se- 
lects a desired pressure for cavity 1 40. Pressure supply 
1 70 selectably operates as either a fluid source or a fluid 
sink depending on whether the fluid pressure in cavity 
140 is less or greater than the inlet/outlet pressure. In 
accordance with an aspect of the invention, computer 
controller 160 modulates a control signal to regulator 
150 to temporally vary the pressure to inlet/outlet 146 
and in chamber 1 40. Modulation of the pressure in cavity 



140 can vibrat compliant polishing material 130. For 
exampl , modulating the pressure at a frequency be- 
tween 1 kHz and 10 kHz induces vibrations of a similar 
fr quency in the polishing material. Ultrasonic frequen- 
5 cy vibrations could also be used. Such vibrations are 
believed to improve polishing performance, provided 
that natural or resonant frequencies of the system are 
avoided. 

[0017] Fig. 2 shows a portion of a polishing system 
io using a cavity 240 containing a fluid with a spatially mod- 
ulated pressure. Cavity 240 includes multiple fluid inlets/ 
outlets 246 and 248 which are connected to independ- 
ent pressure supplies 270 and 272. Controller 160 uses 
separate pressure regulators 250 and 252 to control the 
is pressures at inlet/outlet 270 and 272. With only two inlet/ 
outlets as shown in Fig. 2, one of inlet/outlets 270 typi- 
cally acts as a fluid inlet, and the other acts as a fluid 
outlet. In embodiments including more than two inlet/ 
outlets, fluid flow among the inlet/outlets can be more . 
20 varied, but the pressures near the inlets tend to be high- 
er thanthe pressures near the outlets. Baffles 244~or ^ 
barriers may be employed between inlet/outlet 246 and _ 
inlet/outlet 248 Jo restrict fluid flow and- increase the 
pressure differential in i the fluid. Controller v160 -can- v.-. 
2S .maintain a constant pressure difference between inlet/- 
outlets 244 and 248 or vary the pressure differenc to 

create temporal pressure variations. " ; 

[0018] .Spatial pressure variation in input pressure 
can address variations in the support pressure fi Id of 
30 the sealed cavity. For example, if fluid leaks from cavity 
240, pressure to inlets 246 and 248 can be adjusted to 
compensate for support pressure differences caused by 
"the leakage. Additionally, spatial variation in fluid pres- 
sure can compensate for non-fluid support related ef- 
35 fects. For instance, if a wafer rotates during polishing, 
the velocities of portions of the wafer relative to the pad 
change with radius. A fluid pocket with spatially varied 
pressure profile can compensate for the different remov- 
al rates caused by differences in wafer velocity relative 
40 to the belt. The pressure profile can also be varied to 
compensate for unevenness in conditioning of the belt 
with slurry. Specifically, more pressure can be applied 
where polishing rates would otherwise be lower. Addi- 
tionally/polishing action tends to wear the pad into the 
45 shape of a trough causing slower material removal from 
the portion of the wafer over central regions of the pad. 
The pad may further have a low spot at any position on 
the belt. Spatial and/or temporal variation in th pres- 
sure can be used to press harder on the belt at the low 
50 spots so that removal rates are more uniform and pol- 
ishing performance is improved. Such pressure varia- 
tions can be tied to a feedback loop including a sensor 
that measures the properties of the belt. US Patent Ap- 
plication 08/964,772 and a corresponding E uropean Ap- 
55 plication claiming priority ther from and tiled th same 
day as the present application describ s polish rs that 
include sensors for measuring polishing pads and con- 
trol systems for changing the polisher's operating pa- 
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ram ters (such as the pressure profile of a b It support) 
and is incorporated by reference h r in in its entirety. 
[0019] During polishing, polishing material 1 30 moves 
relative to fixed structure 142 and seal 144. Seal 1 44 is 
at the interface between fixed structure 1 42 and compli- 
ant polishing material 1 30 and prevents or reduces fluid 
leakage from chamber 140. Fig. 3 shows an embodi- 
ment of a seal 300 that is suitable for sealing cavity 1 40. 
Seal 300 includes an 0-ring 320 that a mechanism in- 
cluding a spring 330 presses against the underside of 
polishing material 130. A variety of alternative structures 
can be used in place of o-ring 320. For example, a face 
sealing Hp could be applied to the polishing material 1 30. 
To reduce friction and wear, o-ring 320 can be replace 
by a magnetic fluid magnetically confined to the gap be- 
tween polishing material 130 and fixed structure 142. 
[0020] Alternative mechanisms for applying o-ring 
320 to polishing material 130 include a pressurized or 
hydraulic cylinder or a magnet. A magnet in a structure 
310 on an opposite side of belt 130 from o-ririg 320 can 
attract to iron or a magnetic materrajjjnder oaring 320 
to press o-ring 320 against polishing material 130. Al- 
ternatively, a magnet under o-ring 320 can either be at- 

- tracted to iran or any magnetic material in structure 310. 

- or in the polishing material 130. Fo^xample, a belt in 
a belt polisher can include iron (e.g., "a stainless" steel 
belt) or any magnetic material so thatmutual attraction 
between the magnet under o-ring 320 and the belt 
presses o-ring 320 into polishing material 130. When 
magnetic attraction to the belt is used, structure 3 io on 
the side of polishing material 1 30 opposite o-ring 320 is 
not required. Otherwise, structure 31<J applies an op- 
posing force to keep polishing material 1 30 from moving 
away from o-ring 320. Structure 31 0 may be/for exam- 
ple, a portion of carrier head 110 or an independent 
structure having a fixed location relative to cavity 140. 
[0021] To improve the seal provided by 6-ring 320, an 
air (or other gas) flow 340 is directed at o-ring 320 from 
outside cavity 140. The air flow is at a pressure greater 
than the pressure of fluid 140 so that any leakage past 
o-ring 320 into cavity 140 and forms a gas pocket 350 
adjacent o-ring 320. Gas pocket 350 prevents fluid from 
leaking out of cavity 140. Fig. 4 shows a seal 400 that 
contains many of the same elements as seal 300 of Fig. 
3. Seal 400 differs from seal 300 by including a gas inlet 
440 inside cavity 140 and adjacent o-ring 320. An inflow 
through inlet 440 forms a gas pocket 450 which keeps 
fluid in cavity 140 and away from seal 320. Accordingly, 
any leakage past o-ring 320 is predominately gas from 
pocket 450, and the fluid that supports polishing material 
130 under wafer 120 is kept in cavity 140. If desired, a 
gas outlet from gas pocket 350 or 450 can be provided 
in cavity 1 40 to improve regulation of the pressure in the 
gas pocket. 

[0022] Fig. 5 shows a seal 500 which us s an a ro- 
static bearing to pr v nt I akage from cavity 140. The 
aerostatic bearing has the advantag of providing a 
nearly f rictionless contact that will not generate particles 



that can interf re with polishing. The aerostatic b aring 
includes gas inlets 540 and 544 and a gas outlet 542 
that are arranged around the perimeter of cavity with in- 
let 540 b ing closest to the fluid that supports the pol- 

s ishing material beneath wafer 1 20. Gas from inlets 540 
and 544 flow out through outlet 542 forming a cushion 
between fixed surfaces 530 and polishing material 1 30. 
The gas pressure to fluid inlets 540 is higher than the 
fluid pressure in cavity 140 so that a gas pocket 550 

io forms and stops or reduces fluid leakage from cavity 
140. In an exemplary embodiment, the pressure at inlets 
540 and 544 is about 5 to 1 00 psi, the pressure at outlet 
542 is about 0 to -10 psi, and the gap between surfaces 
530 and polishing material 1 30 is between about 5 and 

is 20 pm. 

[0023] Fig. 6 shows a polisher 600 having a support 
structure 650 that includes an aerostatic bearing to seal 
a fluid pocket 1 40. The aerostatic bearing has several 
parameters such as orifice size, gas flow rate, gas pad 

zo size, and landing size that are selected accbrding to the 
_ T , requjrernents of pp[ishe^600, in, particular, the size of 

. ^j, wafer 120 to be polished determines the required diam- 
Jeter of fluid pocket 140 and ithediarneter of the aerostat- 
ic bearing that sunounds fjujd pocket 1 40^Theaerostat- 

2 4 J5_!???ff!P9 shou,d approximately match the diamet r of 
carrier head 1 1 0, which holds wafer 120. The. aerostatic 
bearing also requires a stiffness and load capacity se- 
lected according to pressures "applied during polishing. 
[0024] The thickness of the gas fiim flowing between 

30 structure 650 and belt 130 is critical to operation of an 
aerostatic bearing/seal. Film thicknesses 51 and 52 are 
for gaps on opposite sides of the aerostatic bearing and 
ideally should be equal. During polishing, motion of b ft 
130 causes friction and a shear force on wafer 120 that 

35 may cause wafer 120 to tilt. This can cause belt 130 to 
tilt and change film thicknesses 61 and 52. In a worst 
case, the aerostatic bearing fails and allows the moving 
belt 1 30 to contact support structure 650. In accordance 
with an aspect of the invention, support structure 650 

40 has a mounting that permits tilting of structure 650 to 
match the angle of belt 130 and a control system that 
monitors the relative orientation of support structure 650 
and belt 1 30 and adjusts trie orientation of support struc- 
ture 650 as required to maintain a uniform gap for the 

45 aerostatic bearing. Such control systems can be imple- 
mented using special purpose hardware and/or a gen- 
eral purpose computer system executing appropriate 
software. 

[0025] In Fig. 6, support structure 650 is mounted on 
50 air springs 620 and 625 that are respectively connect d 
to independent pressure sources 630 and 635. Pres- 
sure sensors 610 and 615, which measure local pres- 
sure in fluid pocket 140, are the same distance from the 
aerostatic bearing and near associated air springs 620 
£5 and 625 respectively. If during polishing belt 130 tilts and 
changes gaps 61 and 82, fluid leakage from pock 1 140 
incr ases at the wider gap 51 or 52, causing fluid pres- 
sure to drop near the wider gap. A control unit 640, which 
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is conn ct d to pressure sensors 610 and 615 and to 
the pressur sources 630 and 635 for air springs 620 
and 625, detects difference between pressures meas- 
ured by sensors 620 and 625 and responds by increas- 
ing the pressure to the air spring 625 or 620 near the 
wider gap and/or decreasing the pressure to the air 
spring 620 or 625 near the narrower gap. The change 
in pressure to the air springs 620 and 625 causes sup- 
port structure 650 to tilt until sensors 610 and 625 meas- 
ure the same pressure, indicating gaps 61 or 52 are the 
same. 

[0026] More generally to control the air gap and ori- 
entation for an aerostatic bearing requires three or more 
actuator. Fig 7 shows an expanded perspective view of 
a support using six air bearings 720. Mounted on air 
bearings 720 are plates 740 and 750 which include a 
cavity 745 for a fluid pocket. In cavity 745 are eight pres- 
sure sensors 710. A control circuit uses measurements 
from pressure sensors 710 to determine the pressure 
distribution in the cavity and from the determined pres- 
sure distribution pressurizes-air springs 720 as required- 
for proper.operation of an aerostatic bearing formed be- 
tween plate 740 and a : pplishing material being support- 
ed. ; •. .'J-.L. T : : r 

[0027] The embodiment of Figs. 6 and 7 can be al- 
tered in a variety of ways in . keeping with the invention. 
For example, any actuators, such as piezoelectric trans- 
ducers, hydraulic cylinders, or solenoids can be em- 
ployed instead of the air springs to control the orientation 
of the support structure. Additionally, distance sensors, 
which directly measure the gaps between the support 
structure and the overlying belt can be used instead of 
or in combination with pressure sensors in a cavity. A 
control system uses multiple distance measurements to 
position the support structure. Further, although the ad- 
justable, mounting and feedback control systems have 
been described for use with supports including sealed 
fluid pockets having surrounding aerostatic bearings, 
other embodiments of the invention can include a sup- 
port with an adjustable orientation and a control system 
to match the orientation of a polishing material but with- 
out a sealed fluid pocket or aerostatic bearing. For ex- 
ample, such embodiments can employ a hydrostatic 
bearing to support a polishing material with or without a 
surrounding aerostatic seal. US Patent Application 
08/964,773 and a corresponding European Patent Ap- 
plication claiming priority therefrom and filed the same 
day as the present application, describes hydrostatic 
bearings suitable for use within a support having an ad- 
justable orientation. A solid support bearing could also 
be employed. In such embodiments, the support adjusts 
its orientation to accommodate tilt of an object being pol- 
ished. Accordingly, the support provides a more even 
polishing pressure. 

[0028] Although th invention has b n described 
with reference to particular mbodim nts, th descrip- 
tion is only an example of the invention's application and 
should not betaken as a limitation. Various adaptations 



and combinations of features of th mbodiments dis- 
closed are within the scope of the invention as defined 
by the following claims. For example, the support de- 
fined in the application can include any one or more of 
5 the features of the support structure of the polishing ap- 
paratus defined elsewhere int he application. 
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Claims 

1. Polishing apparatus comprising: 

a compliant polishing member (130), 
a support structure (142) that includes a de- 
pression disposed adjacent the complaint 
member (130); 

a seal (144; 540-544) that surrounds the de- 
pression, the seal extending from the support 
structure (142) to the compliant polishing mem- 
- ber (130); and 
i fluid enclosed in a cavity (140) defined by the 

depression, the seal (1 44; 540-544), and a por- 
tion of the compliant polishing member (130), 
-\ : wherein a pressure of the fluid supports th pol- 
jshing member(130). 

2. Apparatus as claimed in claim 1, wherein the fluid 
is substantially static. 



30 3. Apparatus as claimed in claim 1 or 2, wherein the 
seal (144) comprises an o-ring (320) that surrounds 
the depression. 

4. Apparatus as claimed in claim 3, wherein the seal 
3S (144) further includes a gas pocket (45,350) within 
the cavity (140) and adjacent the o-ring (320), 
wherein the gas pocket (45,350) prevents the fluid 
from leaking past the o-ring (320). 

40 5. Apparatus as claimed in claim 4, further including a 
gas inlet (440) inside the cavity (140) and adjacent 
the o-ring (320), wherein gas in the gas pocket (45) 
is introduced via the gas inlet (440). 

4S 6. Apparatus as claimed in claim 4, further including a 
source of gas flow (340) from outside the cavity 
(140) toward the o-ring (320), wherein gas in the 
gas pocket is introduced from the gas flow via leak- 
age past the o-ring (320). 

so 

7. Apparatus as claimed in any one of claims 3-6, fur- 
ther including a spring mechanism (330) that press- 
es the o-rtng (320) against the compliant polishing 
member (130). 

55 

8. Apparatus as claimed in any one of claims 2-7, fur- 
ther including a magnet that urges th o-ring (320) 
against th compliant polishing member (130) by 
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magnetic force. 

9. Apparatus as claimed in claim 8. wherein the com- 
pliant polishing member (1 30) contains iron and the 
magnetic force that urges the o-ring (320) against s 
the compliant polishing member arises from the at- 
traction between a magnet and the compliant pol- 
ishing member (130). 

10. Apparatus as claimed in any one of the proceeding 10 
claims and further including 

a fluid supply (170); 
a fluid inlet/outlet to the cavity (140); 
a pressure regulator (150) coupled to the fluid is 
supply (170) and the inlet/outlet (146); and 
a controller (160) coupled to the pressure reg- 
ulator (1 50), and which is arranged to regulate 
the 

fluid pressure in the cavity (140). 20 

jll" Apparatus aVcIaimed in claim.10, further including . .. . -_ 

Z . a plurality of fluid inlet/outlets (246,248) to the „ 

cavity; and 25 
a plurality of pressure regulators (250, 252), 
each pressure regulator being coupled to an 
associated inlet/outlet. 

12. Apparatus as claimed in any one of claims 1 ,2,10 30 
or 11, wherein the seal comprises an aerostatic 
bearing (540-544). 

13. Apparatus as claimed in any one of the preceding 
claim and further including an adjustable mounting 3s 
that allows tilting of the support structure to match 
orientation with the polishing member. 

14. Apparatus of claimed in claim 13, further including: 

40 

sensors (61 0,61 5) that measure the relative ori- 
entation of the polishing member (1 30) and the 
support structure; 

actuators (620,625) capable of adjusting the 
orientation of the support structure; and a con- *s 
trol system (640) coupled to the sensors 
(610,615) and the actuators (620,625). 

15. A support (640) for a polishing member (130) in a 
polisher, comprising: 

a support structure (650) 
sensing means (61 0,61 5) arranged to measure 
the relative orientation of the polishing member 
(1 30) and the support structure (650); ss 
actuating m ans (620,625) arranged to adjust 
the ori ntation of the support structure (650); 
and a control system (640) coupled to the sens- 



ing m ans and actuating m ans, wherein the 
control system (640) is arranged to operate the 
actuating means to keep the support structure 
(650) oriented for polishing. 

16. A support as claimed in claim 15, wherein the sup- 
port structure (650) comprises: 

a depression for defining a sealed fluid pocket 
(140) for supporting the polishing member; and 
means for forming an aerostatic bearing for sur- 
rounding the depression and to be disposed ad- 
jacent the polishing material. 

17. A support as claimed in claim 1 6, wherein the sens- 
ing means (610,615) comprise pressure sensors 
disposed in the depression for measuring local 
pressure in the fluid pocket. - -. - 

18. A support as claimed in claim 15 or 16, wherein the 
. sensors comprise distance sensors disposed -to 

measure distances across gaps;.between the sup-" 
... port structure (650) and the polishing, m mber 

(130). " ; 



19. 



A support as" claimed in. claim ^15, 16,1 7-or 18, 
wherein the support structure (650) comprises a hy- 
drostatic bearing that supports the polishing mem-- 
ber (130). 



20. A method of polishing an object, comprising: 

placing the object in contact with a polishing 
member; 

supporting the polishing member using a 
. sealed fluid pocket having a. plurality of inlet/ 
outlets; 

applying fluid at a first pressure to a first of the 
inlet/outlets and a second pressure to a second 
of the inlet/outlets, wherein pressures to the in- 
let/outlets control a support pressure profile of 
the fluid pocket; and 

moving the polishing material relative to the ob- 
ject while the fluid pocket supports the polishing 
material. 



21. The method of claim 20, wherein the pressure pro- 
file provides a higher pressure where material re- 
moval rate from the object would otherwise be lower 

so during polishing. 

22. The method of claim 21 , wherein the support pres- 
sure profile provides a higher pressure under a low 
spot in the polishing material. 



23. The method of claim 21, wh rein the support pr s- 
sure profiled provides a higher pressure under an 
area where relative velocity between the polishing 
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material and the object is lower. 

24. The method of claim 20, wherein the object is a wa- 
fer. 



10 



is 



20 



30 



35 



40 



SO 



ss 



BNSOCCID: <EP 0920956A2J_> 



7 



EP 0 920 956 A2 




8 



EP 0 920 956 A2 



3°° -\ 




— r 
3*> 



X 















F l 6-. 3 


























I \ 


1 




/ 

J 



FIG-. 5". 



10 



EP 0 920 956 A2 




EP 0 920 956 A2 




BNSDOCID: <EP 0920956A2J_> 



12 



(19) 



J 



Europaisches Patentamt 
European Pat nt Office 
Office europeen des brevets 




(12) 



( 11) EP 0 920 956 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

23.05.2001 Bulletin 2001/21 

(43) Date of publication A2: 

09.06.1 999 Bulletin 1 999/23 

(21) Application number: 98309062.2 

(22) Date of filing: 05.11.1998 



(51) mtci7: B24B 37/04, B24B 57/02, 
B24B 49/00, B24B 21/04 
//H01L21/304 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 05.11.1997 US 964774 

7 (71) Applicant: Aplex, Inc. 

Sunnyvale, CA 94086 (US) 

(72) Inventors: 

• Chang, Shou-sung 
Sunnyvale, CA 94086 (US) 



• Kao, Shu-Hsin 

Redwood City, CA 94065 (US) 

• Weldon, David E. 

Santa Clara, CA 95051 (US) 

(74) Representative: Gill, David Alan 
W.P. Thompson & Co., 
Celcon House, 
289-293 High Holborn ~ 
London WC1V7HU (GB) 



CO 

< 

CO 

in 

CD 

o 

CM 
<T> 

O 

CL 

LU 



(54) Polishing apparatus and method 

(57) A polishing tool uses a seal cavity (140) con- 
taining a fluid that supports polishing pads (1 30) against 
an object (120) being polished. In one embodiment,, the 
boundaries of the cavity (140) include a support struc- 
ture (142), a portion of a polishing material (130) and a 
seal (144) between the support structure (142) and the 
polishing material (130). The polishing material (130) 
moves relative to the support structure (142) and seal 
(144). A variety of seal configuration can maintain the 
fluid within the cavity. One seal includes an o-ring (320) 
that the force of a spring (330) a magnet (310), or air 
pressure (340) presses against the polishing material 
(130). A gas flow from outside the cavity or from an inlet 
(440) inside the cavity can form a gas pocket in the cav- 
ity (140), adjacent the o-ring (320) to prevent leakage 
of the fluid pressure in the cavity (140) can be varied 
temporally to create vibrations in the polishing material 
to enhance polishing performance or can be varied spa- 
tially to change the pressure profile. One embodiment 
of the invention includes one or more. fluid inlet/outlets 
(246,248) to the cavity (240), one or more pressure reg- 
ulators (250,252) to control the pressur in the cavity. In 
polishers with or without a sealed fluid cavity, the sup- 
port structure (650) can include actuators (620,625) that 
control the orientation of the support structure relative 
to polishing material. Sensors (61 0,61 5) and a feedback 
control system (640) positions the support structure 



(650) for polishing. 
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